Abstract: This paper uses a dynamic framework of a small open economy to study the volatility effects of partially anticipated monetary policy shocks in which the public has imperfect information about the size and/or the timing of the future expansionary policy intervention. Our two main results are as follows: (i) Partially anticipated monetary policy shocks may be stabilizing, i. e. lead to a lower volatility than a fully anticipated monetary policy shock of the same form.
Introduction
This paper studies the volatility effects of monetary policy disturbances, which are not fully anticipated by the public. So far, the literature has only considered two extreme cases of anticipation. Either the public has perfect information and fully anticipates the shock process or the public is completely uninformed and does not anticipate the shock process at all. This paper introduces an intermediate scenario of partial anticipation, which covers both extreme scenarios as special cases. Under partial anticipation, the public has partially correct and partially incorrect expectations about the exact evolution (i. e. about size and timing) of the monetary shock process. To the best of our knowledge, we are the first to study this kind of partially anticipated shocks. 1 The importance of anticipated shocks in general (like pre-announced future monetary policy interventions), also known as news shocks, for business cycle fluctuations is confirmed by several empirical studies. Most prominently, Schmitt-Grohé and Uribe (2012) find in an estimated real business cycle model that about 50 percent of economic fluctuations can be attributed to fully (or possibly partially) anticipated disturbances.
2 Milani and Treadwell (2012) Central banks may not be able or not willing to communicate the exact timing and/or size of a (future) monetary intervention in advance so that the public needs to form expectations about it. For example, in July 2012 at the Global Investment Conference in London, the President of the European Central Bank, Mario Draghi, signalized further purchases of government bonds by stating that "the ECB is ready to do whatever it takes to preserve the euro" to bring down risk premiums on government bonds. However, Draghi is mute about the 1 The terminology of partial anticipation was already introduced by Fischer (1979) . However, he defines partially anticipated shocks as fully anticipated shocks with reduced length of anticipation. Contrarily, we assume that partially and fully anticipated shocks have the same length of anticipation. The public may, however, have wrong expectations about the length of anticipation. 2 A partially anticipated shock can also be viewed as a combination of a fully anticipated and and a non-anticipated shock, where the non-anticipated shock reflects the correction in expectations. Let ε i t be a random innovation that is anticipated in t, but materializes in t + i (notation of Schmitt-Grohé and Uribe (2012)). Then, if ε 0 t (non-anticipated shock) and ε i t − i are from the same source, this is an indication of partial anticipation. ε 0 t > 0 and ε i t − i > 0 may not be two distinct shocks, but instead may be one partially anticipated shock where the public initially underestimates the shock size in t − i and corrects its expectations in t. The difference ε 3 Further empirical studies include Beaudry and Portier (2006) , Beaudry and Lucke (2010) , Barsky and Sims (2011), Fujiwara et al. (2011) , and Khan and Tsoukalas (2012) . The main bulk of the literature, however, emphasizes the role of anticipated technology shocks as in SchmittGrohé and Uribe (2012) or of anticipated fiscal policy shocks as in Leeper et al. (2008) and Mertens and Ravn (2010) . The idea of these shocks playing an important role in driving business cycle fluctuations goes back to Pigou (1927) and was revived by Beaudry and Portier (2004) . 4 For a survey on central bank communication, see Blinder et al. (2008) . exact threshold of risk premiums at which the ECB is planning to intervene. This limited information strategy leaves room for public misperceptions such that the monetary intervention may only be partially anticipated. 5 The main aim of this paper is twofold: First, we aim to study the (de)stabilizing effects of partially anticipated monetary disturbances on inflation and output fluctuations, where we define stabilization as follows: Partial anticipation (de)stabilizes a particular variable if the variable's volatility under partial anticipation is (larger) smaller than under fully correct anticipation of the same shock process. Second, we aim to derive the optimal central bank's communication strategy. Is it possible to obtain a lower central bank loss by either directly deceiving the public or withholding information about the true monetary policy intentions?
To this end, we consider several partial anticipation scenarios, in which the public initially has incorrect expectations about the size and/or the timing of the monetary disturbances. With interest rates at the zero lower bound, central banks are forced to use unconventional policy instruments to stimulate the economy. In line with this change in policy, we model monetary policy interventions as (temporary) increases in the money growth rate. To discuss the limited information strategy of the ECB during the European sovereign debt crisis, we consider increases in the money growth rate not only in isolation but also as response to increasing risk premiums on government bonds, where the public may have incorrect expectations about the start of the monetary intervention. 6 As model framework, we use a continuous-time Dornbusch-type 7 model of a small open economy. This framework has been used in several papers to study the dynamic impacts of (fully) anticipated shocks. Early studies include Turnovsky (1986a Turnovsky ( , 1986b . More recent studies include Clausen and Wohltmann (2005) , who study anticipated and unanticipated monetary and fiscal policy in an asymmetric monetary union and Clausen and Wohltmann (2013) (ii) However, we typically obtain a trade off in volatilities such that a simultaneous stabilization of output and inflation is not possible. If the public underestimates (overestimates) the size of the shock, output (inflation) may be stabilized.
Our results are in line with the literature: The existence of a trade off in volatilities of inflation and output is well known and already described in Taylor (1979) and revisited in Taylor (1994) . He finds the trade off in volatilities -in contrast to the trade off in levels -to be stable in the long run for the U.S. economy. Further related to this paper is the literature on news shocks which studies the potential destabilizing effects of completely anticipated shocks. Fève et al. (2009) show in a purely forward-looking discrete-time framework with rational expectations that anticipated shocks destabilize the economy, i. e. lead to a higher volatility than non-anticipated shocks of the same size. The volatility increases with increasing length of anticipation. This result does not hold unambiguously for the hybrid case with backward-looking elements as it is shown by Winkler and Wohltmann (2011) .
8 They find the same trade off in volatilities of inflation and output in the estimated Euro area model of Smets and Wouters (2003) . With increasing anticipation horizon, output volatility increases, but inflation volatility decreases. Our paper may help to explain why this trade off in volatilities occurs and why anticipated shocks may lead to a (de)stabilization of the economy. For the aforementioned results of this paper, we implicitly assume a stable relation between base and broad money such that the central bank can perfectly control the money stock. However, since the outburst of the financial crisis in 2008, such a stable relation in the Euro area is questionable as e. g. De Grauwe and Ji (2013) demonstrate. We, therefore, also study partially anticipated changes in the monetary base that have no effect on the money stock. We find that changes in the monetary base may still have real effects on the economy and may impose cyclical adjustment movements even if the relation between base and broad money is non-existent. This requires, however, that the public indeed believes in a stable relation.
The remainder of the paper is organized as follows: Section 2 describes the model frame-work. Section 3 introduces our (partial) anticipation scenarios and studies the responses to a temporary increase in the money growth rate. Section 4 introduces our volatility measure and discusses the (de)stabilizing effects of partially anticipated changes in the monetary growth rate for different degrees of expectation biases. Section 5 introduces two communication strategies in which the central bank either deceives the public or withhold information from the public to obtain a lower central bank loss. As a digression, Section 6 discusses the responses to partially anticipated increases in the monetary base in the presence of an unstable relation between base and broad money. Section 7 discusses six modifications including a simultaneous increase in the risk premium on government bonds and in the money growth rate. The last section concludes.
Model framework
As model framework we use a dynamic continuous-time Dornbusch-type model for a small open economy. The economy is described by the following set of loglinearized equations:
All variables, except for the (nominal and real) interest rate and the inflation rate, are in logarithm. The notation is as follows: y = real output, y = natural output level, i = nominal interest rate, i − E _ p = real interest rate, τ = terms of trade, g = goverment spending, p = price level, e = exchange rate, m = nominal money stock, _ p = inflation rate, π = augmentation term of the Phillips curve, s = risk premium shock. Foreign variables (i*, y*, p*) are denoted by a superscript star. A dot above a variable ð _ p, _ e, _ mÞ stands for the time derivative (differentiated from the right) of that variable, a bar above a variable ð y, τÞ stands for its longrun value, and E is the expectations operator. We assume rational expectations. In a deterministic framework this implies E _ p = _ p and E _ e = _ e. Depending on the assumed anticipation scenario, expectations on the exogenous evolution of the money growth may deviate from the true evolution. specifies the augmentation term in the Phillips curve, which we set equal to the expected long-term rate of inflation. According to montaristic theory, we assume that inflation is solely determined by the money growth rate in the long run. 10 In the short to medium run, inflation might temporarily deviate from its long-term rate. However, inflation is, as we will see in the subsequent sections, rather tied to the money growth rate. 11 For completeness, the last equation describes the long-run relation between output and the terms of trade. Since changes in the money growth rate do not alter the steady state of output and the terms of trade, we can neglect this equation until Section 7, where we also consider changes in the risk premium on government bonds.
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The model can be reduced to a two-dimensional system of ordinary differential equations with the terms of trade τ and the real money stock m r = m − p as state variables. For the parameter calibration given in Table 1 , the reduced model exhibits one stable and one unstable eigenvalue. The system then describes a saddle point system. To ensure stability of the system, we assume that the terms of trade are forward-looking and the real money stock is backward-looking such that the number of unstable eigenvalues equals the number of forward-looking variables.
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9 Turnovsky (1977) labels these expectations as structural where the public has correct information about the structure of the model but false information about the underlying exogenous processes. 10 See Friedman (1977) .
11 As a modification, we assume in Section 7 that the augmentation term is alternatively given by the expected inflation rate of the consumer price index, i. e. π = _ p c with p c = γp + ð1 − γÞðp * + eÞ.
1 − γ measures the degree of openness. 12 For details on the model equation and the underlying assumptions, see Clausen and Wohltmann (2005) and Clausen and Wohltmann (2013) . They study monetary and fiscal policy in a continuoustime model of an asymmetric monetary union that is of a similar form as the above model. 13 For details on the model reduction and solution for fully anticipated, partially anticipated, and non-anticipated changes in the money growth rate and in the risk premium, see the electronic appendix at www.jbnst.de/en.
In the subsequent simulations, we use the calibration given in Table 1. 14 We focus on deviations from the initial steady state. Therefore, we do not need to specify a 0 , b 0 , and b 2 . For the remaining parameters, we broadly follow the textbook calibration given in Galí (2008) and Walsh (2010) and the estimates from Moons et al. (2007) , who estimate a stylized open-economy New Keynesian model for the euro area.
The income elasticity and the interest rate semi-elasticity of the money demand are set to l 1 = 1 and l 2 = 4, respectively, which are the values proposed by Galí (2008) . He derives the microfounded money demand equation from a money-in-the-utility approach, which implicitly gives rise to an income elasticity of unity. Estimates of l 1 reported in Walsh (2010) suggest values greater than unity, whereas Ball (2001) finds a value of 0.5. Estimates of l 2 reported in Walsh (2010) range from 1 to 10, which is in line with the estimate of 5 found by Ball (2001) . 15 The income elasticity of private consumption is set to a 1 = 0.7, which we implicitly derived from an income tax rate of 0.3, a consumption output ratio of 0.7, and a consumption rate of 0.7. 16 The income elasticity of the trade balance is set to 0.2. 17 Then, the net effect of the real interest rate and of the terms of trade on goods demand is given by a 2 =ð1 − a 1 + b 1 Þ = 0.6 and b 3 =ð1 − a 1 + b 1 Þ = 0.2, respectively. Both values match the estimates given in Moons et al. (2007) . The former is close to the values given in Galí (2008) and Walsh (2010) and is also in line with Smets and Wouters (2003) , who find a mean intertemporal elasticity of substitution of 0.7 with a 90 percent probability band ranging from 0.52 to 1.05. 18 The slope of the Phillips curve is set to δ = 0.2 proposed by Galí (2008) and which is also close to the estimate given in Moons et al. (2007) . 19 In Section 7, we investigate how our results change for different parameter values for δ, l 2 , a 2 , and b 3 .
3 Anticipation scenarios and responses to a monetary shock
This section introduces our anticipation scenarios and discusses the responses to a temporary increase in the money growth rate in the above model framework.
The realized but not necessarily correctly anticipated shock process is the same across all anticipation scenarios. The evolution of the shock process is described in Table 2 . The increase in the money growth is implemented at a constant rate c over the implementation period T < t < t 1 and is temporary in the sense that _ m = 0 for t > t 1 . In t = 0, the increase is fully or partially anticipated, or non-anticipated at all by the public. We, therefore, refer to the time period 0 < t < T as anticipation period. 
18 Taking habit formation into account, Smets and Wouters (2003) find that the impact of the real interest rate on consumption is reduced to 0.3.
19 From microfoundation, the slope of the Phillips curve can be expressed as δ = ð1 − θÞð1 − βθÞ θ ðσ + ηÞ. Assuming a quarterly interest rate of 1 percent (implying a discount factor of β = 0.99), a Calvo parameter of θ = 0.75, an inverse elasticity of substitution of σ = 1.5, and a Frisch elasticity of labor supply of η = 1.5, we obtain a slope of δ = 0.25. Estimates in Smets and Wouters (2003) and Smets and Wouters (2007) for θ, σ, and η suggest that δ may vary between 0.05 and 0.5. Differences in δ mainly result from differences in the Calvo parameter, which ranges from 0.7 to 0.9.
In the long run, a temporary increase in the money growth rate does not alter the steady state of the real variables. 20 The steady state of the nominal money stock changes according to
which implies a change in the steady-state values of the price level and the nominal exchange rate of equal size, i. e.
In the following, we refer to the expression cðt 1 − TÞ as the size of the shock process. c is the magnitude, T is the start, and t 1 is the end or exit of the shock process.
We consider five anticipation scenarios: one full anticipation scenario in which the public correctly anticipates the full monetary policy intervention (denoted as FA), three partial anticipation regimes in which the public has partially correct and partially incorrect expectations (denoted as PA), and one non-anticipation scenario in which the policy intervention completely comes as a surprise (denoted as NA). Table 3 summarizes the complete set of anticipation scenarios. 21 In the three scenarios of partially correctly anticipated shocks, the public forms incorrect expectations either about the magnitude c (scenario PA-MAG), about the starting point T (scenario PA-START), or about the exit point t 1 (scenario PA-EXIT) of the increase in the money growth rate. Note that in all three partial anticipation scenarios, the public has incorrect expectations about the size of the shock. Table 3 : Set of anticipation scenarios.
20 This nominal neutrality follows from the long-run stability condition that the real money stock and the terms of trade do not change in the long run. In case of a permanent increase in the money growth rate, the steady state of the real money stock changes, but the steady state of most other real variables (including output, terms of trade, and the real interest rate) remains unchanged.
21 Note that in scenario NA, the public does not anticipate the increase in the money growth rate at all and therefore has no expectations on the start of the implementation. This is highlighted by a minus sign in Table 3 .
Partially Anticipated Monetary Policy Shocks
Since we aim to study only temporary and not permanent anticipation errors, we have to define how the public switches to correct expectations. For simplicity, we assume that the switch from partially incorrect to fully correct expectations occurs at once at some particular breakpoint t.
22 Hence, the public has correct expectations for t > t* and may have incorrect expectations for t < t* about the shock process. In line with non-anticipated shocks, we assume that the switch to correct expectations occurs when the public realizes for the first time that the expected evolution of the shock process deviates from the true one.
In scenario NA and PA-MAG, the public's expectations deviate from the true shock process for the first time at the start of implementation, i. e. t* = T. In scenario PA-START, the public has incorrect expectations about the start of the monetary intervention. If the public expects an earlier start, i. e. EðTÞ < T, the public already switches in t* = EðTÞ to fully correct expectations. If the public expects a later start, i. e. EðTÞ > T, the public switches in t* = T. In scenario PA-EXIT, the public correctly expects the start (T) and the magnitude (c), but has incorrect expectations about the end (t 1 ) of the shock process. Since Eðt 1 Þ > T, the public does not switch to correct expectations before T. If the public expects an earlier end of the shock process, i. e. Eðt 1 Þ < t 1 , the public switches in t* = Eðt 1 Þ, where t* > T. If the public expects a later end of the shock process, i. e. Eðt 1 Þ > t 1 , the public switches in t* = t 1 .
In the following, we subsequently study the responses to the above temporary increase in the money growth rate under the partial anticipation scenarios PA-MAG, PA-START, and PA-EXIT in comparison to the full anticipation scenario FA. Figure 1 depicts the responses to a temporary increase in the money growth rate under the full anticipation scenario FA and the partial anticipation scenario PA-MAG, where the public either underestimates ðEðcÞ < cÞ or overestimates ðEðcÞ < cÞ the magnitude of the shock. As a special case of PA-MAG, the figure also includes the non-anticipation scenario NA, where the public does not expect the increase at all ðEðcÞ = 0Þ. The first (upper-left) plot displays the development of the terms of trade and the real money stock in the phase plane. The remaining plots show the responses in the time domain. The second (upper-right) plot displays the initially expected evolution of the money growth based on the information set in t = 0. Note that in the FA scenario, the Partially Anticipated Monetary Policy Shocks anticipated evolution of the money growth is equal to the realized money growth. We set c = 3, T = 2, and t 1 = 5.
Scenario PA-MAG and NA
To start with, the adjustment process in the anticipation scenario FA can be described as follows: In t = 0, the increase in the money growth rate is announced and correctly anticipated by the public. The anticipation of a future expansionary monetary shock leads to an immediate (real) devaluation of the home currency (fall in the terms of trade). Since prices are assumed to be sluggish and do not change on impact, this is represented by a vertical downward adjustment in the phase. The real devaluation continues until the start of the implementation T. Simultaneously, the real money stock continuously declines, which is equivalent to a continuous upward adjustment of prices. The devaluation of the home currency leads via the UIP to a rise in the nominal interest rate. The inflation response on impact and during the anticipation phase is relatively small such that the real interest rate rises. Despite the contractionary real interest rate effect, output unambiguously stays above its steady state value on impact and during the anticipation phase. This immediately follows from the inverse Phillips curve
which determines output by the change in the real money stock. In t = T = 2, the money growth rate increases as expected. Inflation expectations shoot up and induce a sharp rise in the inflation rate, which overshoots the rise in the money growth rate and in the nominal exchange rate. The overshooting continues over the whole implementation phase leading to a further decline in the real money stock and to a continuous real devaluation. Note that the terms of trade are assumed to react discontinuously only to new information. In the FA scenario, the shock process is completely known by the public in t = 0 such that the terms of trade behave continuously for the remaining course of adjustment ðt > 0Þ. Due to the fall in the real interest rate, output shoots up in T, but continuously decreases over the implementation phase.
After the implementation phase ðt > t 1 = 5Þ, we observe reverse adjustments and all shown variables return to their initial steady state. The real money stock starts to increase and converges from below to its initial steady state. The terms of trade start to decrease and converge from above to their initial steady state.
Note that the impact and anticipation reaction of inflation is relatively small compared to the inflation reaction during the implementation phase. This is mainly due to our assumption that long-term inflation expectations are exclusively driven by changes in the money growth rate.
In the following, we denote this FA scenario as benchmark scenario and compare the responses of the remaining three anticipation scenarios to this benchmark scenario. Since we only change the nature of anticipation and leave the realized shock process unchanged, differences to the full anticipation case mainly occur on impact and during the anticipation period. After the occurrence of the shock, differences to the benchmark scenario are less visual.
In the anticipation scenario PA-MAG, the public has incorrect expectations about the magnitude c, but is correct about the start and the end of the shock process. In case the public underestimates the magnitude ðEðcÞ = 1.5 < c = 3Þ, the public implicitly underestimates the size cðt 1 − TÞ as well. On impact and during the anticipation phase the economy is driven by expectations. The underestimation of the size of the shock, therefore, leads to a smaller impact and anticipation reaction for all variables in comparison to the benchmark scenario. In t = T = 2, the shock occurs with larger magnitude than (originally) expected. We, therefore, assume that the public switches in t * = T to correct expectations and correctly anticipates the remaining evolution of the shock process. Since the real money stock is assumed to be predetermined, all other variables and, hence, the system as whole are not able to jump on the solution path of the benchmark scenario. 23 The decline in the real money stock is, however, steeper than in the benchmark scenario, converging towards the FA solution path. The terms of trade are, on the other hand, allowed to react discontinuously to this new information. To compensate for the sluggishness of the real money stock, the terms of trade undershoot its benchmark value. 24 Likewise, output and inflation overshoot and the real interest rate undershoots their benchmark values. During the implementation phase, the real money stock, output, inflation and the nominal interest rate stay above, and the terms of trade and the real interest rate stay below the benchmark responses. If the public overestimates the magnitude (and the size) of the shock ðEðcÞ = 4.5 > c = 3Þ until T = 2, we see reverse adjustments. During the anticipation phase, the system responds more strongly than in the FA scenario. In t * = T, 24 Without price stickiness, the real money stock would be able to react discontinuously to new information. The system then would jump in t* directly onto the solution path under full anticipation.
Partially Anticipated Monetary Policy Shocks the public switches to fully correct expectations. The terms of trade overshoot the benchmark value, but the real money stock stays below the FA scenario. Scenario NA, where the public does not anticipate the increase in the money growth at all, is equivalent to the special case EðcÞ = 0 in scenario PA-MAG. Until T, all variables remain constant. In t = T, the policy intervention completely comes as a surprise. Therefore, we neither have an impact nor an anticipation reaction. overestimates (underestimates) the size of the shock cðt 1 − TÞ if the public expects an earlier (later) start of the monetary intervention.
Scenario PA-START and PA-EXIT
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Consequently, if the public expects a later start of the monetary policy shock ðEðTÞ = 4 > T = 2Þ, the impact and anticipation reaction is smaller than in the FA scenario. In t * = T < EðTÞ, the shock occurs earlier than expected and the public immediately switches to correct expectations. As in scenario PA-MAG, the terms of trade react discontinuously to this change in expectations, jumping on a lower trajectory. To compensate for the sluggishness of prices, the terms of trade undershoot the benchmark response of scenario FA, which leads to an overshooting of output and inflation. If the public expects an earlier start of the shock process ðEðTÞ = 1 < T = 2Þ, which implies a larger expected shock size, the system overreacts until t*. This time, however, the switch to correct expectations already occurs during the anticipation phase in t * = EðTÞ < T, which is the time the public originally expected an increase in the money growth rate, but no change in the money growth rate occurred. Consequently, output and inflation undershoot the benchmark responses already during the anticipation phase. As a last scenario, Figure 3 shows the responses under scenario PA-EXIT. In this scenario, the public has incorrect expectations about the end of the monetary intervention. The start and the magnitude of the shock process are, on the other hand, correctly anticipated. This implies that the public overestimates (underestimates) the size of the shock c(t 1 − T) if it expects a later (an earlier) end of the monetary intervention implying a stronger (smaller) reaction on impact and during the anticipation phase.
The main difference to the other two partial anticipation scenarios is that the switch to correct expectations now occurs during the implementation phase and not during the anticipation phase. Since the start and the magnitude are correctly anticipated, the public expectations about the shock process and the true shock process do not deviate from one another until t * = minðEðt 1 Þ, t 1 Þ > T.
Hence, if the public expects a later end of the shock process ðEðt 1 Þ = 6 > t 1 = 5Þ, output and inflation stay above the benchmark response over the whole anticipation and implementation phase. If the public expects an earlier end ðEðt 1 Þ = 4 < t 1 = 5Þ, output and inflation stay below the benchmark responses until t * = Eðt 1 Þ > T.
25 In Section 5, we also consider the scenario PA-ST/EX where we change E(T) and E(t 1 ) simultaneously such that the length and the size of the shock are correctly anticipated. The responses and the relative volatilities are very similar to scenario PA-START.
Partially Anticipated Monetary Policy Shocks
Measuring the (de)stabilization effects
In order to study the (de)stabilizing effects of partially anticipated monetary policy interventions, we use a relative volatility measure, which relates the volatility under partial anticipation to the volatility under full anticipation. The relative volatility for x 2 fy, πg in scenario S 2 fPA − MAG, PA − START, PA − EXITg is defined as
where Vðx S j Þ and Vðx FA j Þ measure the quadratic deviations of x from its initial steady state x 0 over the time domain D given the expectation assumptions of scenario S and FA, respectively: 26 Let the time domain D be defined over the interval [a, b] . Then, we can approximate eq.
[11] by VðxÞ 1 n P bn j = 1 ðxðj=nÞ − x 0 Þ 2 − 1 n P an j = 1 ðxðj=nÞ − x 0 Þ 2 for a sufficiently small step length 1=n.
During the computation, we set n = 100. Figure 4 shows the relative volatilities of output and inflation as defined in eq.
[10] for all three partial anticipation scenarios for different degrees of expectation biases. We compute the relative volatility for E(c) ranging from -1 to 6 in scenario PA-MAG, for E(T) ranging from 0.5 to 3.5 in scenario PA-START, and for E(t1) ranging from 2.5 to 7 in scenario PA-EXIT. With correct expectations ðEðcÞ = c = 3, EðTÞ = T = 2, and Eðt 1 Þ = t 1 = 5Þ, the relative volatilities of output and inflation intersect at unity. Values greater (smaller) than unity means that the volatility in the partial anticipation scenario is larger (smaller) than in the FA scenario. The four columns of Figure 4 correspond to four different phases. The first column shows the overall relative volatility over the whole adjustment process ð0 < t < ∞Þ. The remaining columns show the relative volatility in the three distinct phases: (i) the anticipation phase ð0 < t < TÞ, (ii) the implementation phase ðT < t < t 1 Þ, and (iii) the return phase ðt > t 1 Þ. Let us first have a look at the overall relative volatility over the whole adjustment process. In scenario PA-MAG and PA-START, we have a trade off Partially Anticipated Monetary Policy Shocks between output and inflation stabilization. If the public underestimates the size of the shock cðt 1 − TÞ (either by EðcÞ < c or EðTÞ > T), the volatility in inflation is higher and the volatility in output may be smaller than in the FA scenario. If the public overestimates the size of the shock (either by EðcÞ > c or EðTÞ < T), inflation is stabilized and output is destabilized. Contrarily, in scenario PA-EXIT, both inflation and output may be stabilized simultaneously if the public expects an earlier end (implying a smaller expected shock size). Next, we consider the relative volatility during the three subperiods. Two points are common in all three scenarios: First, the trade off in volatilities that we obtain based on the overall adjustment process in scenarios PA-MAG and PA-START is not present if we consider the three phases in isolation. In all three subperiods, output and inflation are both either stabilized or destabilized. Second, during the anticipation and return phase, the relative volatility in output and inflation is even identical.
27 Differences in the relative volatility only occur during the implementation phase. This follows from the structure of the Phillips curve [5] , where the expected future inflation is pinned down by the money growth rate. During the anticipation and return phase, the money growth rate is at its steady state level such that changes in the inflation rate are proportional to changes in output. 28 During the implementation phase ðT < t < t 1 Þ the money growth is different from its steady state and, therefore, we obtain different relative volatilities in inflation and output. During the anticipation phase ð0 < t < TÞ, the system is driven by expectations and, hence, in all three scenarios, the volatility in inflation and output is reduced if the public underestimates the shock size cðt 1 − TÞ (either by EðcÞ < c, EðTÞ > T, or Eðt 1 Þ < t 1 Þ. Contrarily, the volatility in output and inflation is enhanced during the anticipation phase if the public overestimates the shock size.
During the implementation phase ðT < t < t 1 Þ, the underestimation of the shock size leads to a destabilization of inflation and output in scenario PA-MAG and PA-START. Recall from the previous section that the non-predetermined variables overreact for t > t * (i. e. do not jump on the FA solution path) to compensate for the sluggishness in prices. In scenario PA-MAG and PA-START, a smaller (stronger) reaction during the anticipation phase causes the system to respond more strongly (less strongly) during the implementation phase.
27 Graphically, the dashed and solid curves completely overlap such that only one solid graph is visual during the implementation and return phase. 28 Formally, the volatility of inflation over the time domain D can be written as
For 0 < t < T and t > t > t 1 , _ mðtÞ = _ m 0 such that VðπÞ = δ 2 VðyÞ and RVðπÞ = RVðyÞ.
This trade off between stabilizing the system during the anticipation (and return) phase and during the implementation phase is not present in scenario PA-EXIT. The main reason is that in this scenario the switch to correct expectations occurs much later during the implementation phase. If the public underestimates the shock size ðEðt 1 Þ < t 1 Þ, not only the reaction on impact and during the anticipation phase is smaller, but also partly during the implementation period.
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During the return phase ðt < t 1 Þ, the volatility results are qualitatively the same as during the anticipation phase, which follows from the fact that responses are reversed compared to the anticipation phase and no new information is revealed such that the terms of trade behave continuously for t > t 1 .
The question arises, why do we face in scenario PA-MAG and PA-START a trade off between inflation and output over the whole adjustment process, but not in any of the three subperiods separately. This trade off in overall volatilities results from the combination of the following two arguments: First, as described above, output and inflation can not be stabilized in all three subperiods simultaneously. A smaller (stronger) reaction during the anticipation phase causes the system to respond more strongly (less strongly) during the implementation phase. Second, inflation strongly responds to realizations in the money growth rate during the implementation phase, whereas the anticipation effect on inflation is relatively small. The difference between anticipation and implementation reaction is less pronounced for output. Under fully correct expectations, the volatility share of the anticipation phase contributing to overall volatility only amounts to 0.2 percent for inflation and to almost 12 percent for output. 30 Therefore, we find that the anticipation effect is dominant for output, whereas the opposite implementation effect is dominant for inflation.
Two communication strategies
In the last section, we have shown that the volatility in inflation and output under partial information can be reduced below the volatility under full anticipation, although not necessarily simultaneously. This section discusses the policy implication of partially anticipated monetary shocks. We introduce two communication strategies and show how these strategies may improve the 29 If we let the switch already occur in t * = T, the same trade off occurs as in the other two scenarios. See next Section 5 for details. 30 The volatility share of the implementation phase contributes with 99 percent to overall inflation volatility and with 69 percent to overall output volatility. For more details, see Section 7 and In the second communication strategy, the central bank does not create, but is confronted with biased expectations about its future monetary intervention. The central bank now controls the breakpoint, at which the central bank is revealing the true evolution of the monetary shock and the public switches to fully correct expectations. We denote this breakpoint as t * CB to make clear that it is now set exogenously by the central bank and to distinguish it from the breakpoint t * , at which the public (independently from the central bank) realizes its expectation biases by itself. This strategy presumes that the central bank is able to correctly monitor the private expectation biases. In this strategy the central bank does not actively deceive the public, but (only) withhold information from the public. We, therefore, refer to this strategy as withholding strategy. The central bank aims to stabilize inflation and output. In particular, we assume that the central bank's loss function is given by
During the simulation, we set α = 0.5. That is, the central bank's main objective is the stabilization of inflation (flexible inflation targeting). 31 To compare the loss between partially and fully anticipated increases in the money growth rate, we compute the relative loss, which is the ratio of the loss under partial anticipation and under full anticipation. We start with the deception strategy. Figure 5 shows the relative loss for different values of EðcÞ, EðTÞ, and Eðt 1 Þ in scenario PA-MAG, PA-START, and PA-EXIT, respectively. Values smaller (greater) than unity mean that the loss under partial anticipation is lower (higher) than in the FA scenario. We further add the (overall) relative volatilities of output and inflation that were already shown in the last section.
In all three partial anticipation scenarios, it is possible to improve the central bank loss in comparison to scenario FA. The lowest loss is obtained in scenario PA-EXIT if the public expects an earlier end (lower size) of the shock process, i. e. Eðt 1 Þ < t 1 = 5. This is not surprising since in scenario PA-EXIT the volatility in inflation and output can be reduced simultaneously (cf. Figure 4) . Contrarily, in scenario PA-MAG and PA-START, the central bank faces a trade off between output and inflation stabilization, which may, however, be more favorable than in the FA scenario. Although inflation stabilization is assumed to be the primary central bank's objective ð0 < α < 1Þ, we find that the central bank can improve its loss if the public expects a smaller shock size (either by EðcÞ < c = 3 or EðTÞ > T = 2Þ and, thereby, can reduce the volatility in output at the cost of a higher volatility in inflation.
Next, we discuss the withholding strategy. Until now, we have assumed that the public switches to fully correct expectations in the very last possible moment in t*, i. e. when the public realizes for the first time that the expected evolution of the shock process deviates from the true one. We now discuss how the central bank loss and the volatility in inflation and output change if the switch to correct expectations occurs earlier than assumed so far ðt * CB ≤ t * Þ. Figure 6 shows the relative loss and the relative volatility for output and inflation for different values of t * CB for all three scenarios. The earliest possible time to switch is t * CB = 0, which is equivalent to the FA scenario. The latest possible time to switch (which we have used so far) depends on the anticipation scenario. 32 In the top three plots of Figure 6 , the central bank is confronted with a public that initially underestimates the shock size (either by EðcÞ < c, EðTÞ > T, or Eðt 1 Þ < t 1 ). In the lower three plots, the central bank is confronted with a public that initially overestimates the shock size (either by EðcÞ > c, EðTÞ < T, or Eðt 1 Þ > t 1 ). If the central bank reveals the true shock process during the anticipation phase ð0 < t 32 We have used t * = T in scenario PA-MAG, t * = minðEðTÞ, TÞ in scenario PA-START, and t * = minðEðt 1 Þ, t 1 Þ in scenario PA-EXIT (cf. Table 3 of Section 4).
Partially Anticipated Monetary Policy Shocks
in all three anticipation scenarios including scenario PA-EXIT. If the public underestimates the shock size (either by EðcÞ < c, EðTÞ > T, or Eðt 1 Þ < t 1 ), output is stabilized and inflation is destabilized. If the public overestimates the shock size (either by EðcÞ > c, EðTÞ < T, or Eðt 1 Þ > t 1 ), output is destabilized and inflation is stabilized. The difference between output and inflation volatility decreases with decreasing length of withholding the true shock process (with decreasing t * CB ). In scenario PA-EXIT, the switch to correct expectations may also occur during the implementation phase ðT < t * CB < t 1 Þ. For a sufficiently late switch (t * CB sufficiently large), the trade off between output and inflation stabilization vanishes.
Under the loss function [12] , the best communication strategy is as follows: If the public overestimates the size of the shock (lower three plots), the FA scenario produces the best outcome, i. e. the best central bank's policy is to inform the public as soon as possible about the true evolution. If, on the other hand, the public underestimates the size of the shock (upper three plots), the best central bank's policy is to inform the public as late as possible. Note that this communication strategy typically stabilizes output, but destabilizes inflation (unless t * CB > T) and, therefore, is only optimal if the central bank's concern about output stabilization is sufficiently strong. If e. g. the central bank's only objective is to achieve inflation stability (strict inflation targeting), this strategy typically does not achieve an optimal outcome.
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This section has shown that the central bank may have the incentive to improve the central bank loss by either actively deceiving private expectations (deception strategy) or by withholding information about the true evolution of the shock process (withholding strategy). However, this section should not be understood as a policy advice since both strategies may involve drawbacks that have not been mentioned so far, including the following: First, both strategies, particularly the deception strategy, may involve reputational costs by reducing the central bank's credibility in future periods. Second, the central bank has to be able to correctly monitor the expectations bias. Withholding information about the true shock process may, therefore, lead to a higher central bank loss if the public is biased in the opposite direction.
Unstable money multiplier
Until now, we have assumed that the central bank can perfectly control the money growth rate, which requires a stable relation between the (adjusted) monetary base and broad money. This stable relation implies that the asset purchases from central banks -without neutralization -lead to increases in the money stock. Since the financial crisis in 2008, we do not observe such a stable relation between base and broad money in the euro zone.
34 Therefore, we consider in this section the case c = 0, which implies that the money growth rate and the money stock do not change (see Table 2 in Section 3). Central bank interventions (e. g. asset purchases) that lead to an expansion of the monetary base then have no effect on the economy if the public correctly 33 Under strickt inflation targeting ðα = 0Þ, the central bank's best communication strategy is typically reversed to the strategy under flexible inflation targeting: If the public overestimates the size of the shock (lower three plots), the best strategy is to inform the public in t * CB = T. If the public overestimates the size of the shock (upper three plots), the best strategy is to inform the public as soon as possible (unless t anticipates this unstable relation. Figure 7 shows two scenarios in which expansions in the monetary base have real effects even without a stable money multiplier. In both scenarios, we presume that the public initially believes in a stable money supply multiplier and expects in t = 0 that the central bank interventions will indeed lead to a monetary expansion at a particular future time T = 2. In the first scenario, the public immediately switches to fully correct expectations in a single step after its expectations failed for the first time. In the second scenario with multiple expectations adjustments, the public sequentially updates its expectations und expects a later start (and end) of the increase in the money stock before it switches to fully correct expectations. For reference purposes, we also include the responses to a fully anticipated increase in base money with stable money multiplier from Figure 1 in Section 3.
In the following, we discuss the two scenarios in more detail. On impact and during the anticipation phase, the two scenarios produce the same responses as under a stable money multiplier since the initial expectations on the increase in the money growth rate are the same. In T = 2, the public realizes that -contrarily to its expectations -no increase in the money stock occurred. In the first scenario (single expectations adjustment), the public, therefore, immediately switches in T to fully correct expectations and correctly expects no change in the money growth rate (i. e. EðcÞ = 0 for t > T). In the phase plane, we see an immediate vertical jump upwards onto the original saddle path and a subsequent adjustment from above along the saddle path to the old and new steady state. Similarly, output and inflation jump downward in T and converge from below to the old steady state.
In the second scenario (multiple expectations adjustment), the public believes in T still in a stable money multiplier and sequentially expects a later start of the increase in the money stock. Note that we assume that the public also sequentially updates its expectations on the end of the increase in the money growth rate t 1 such that the expectations on the size of the shock remain the same. In T = 2, the public expects a start in T 1 = 4 > T. In T 1 , no change in the money stock occurred and the public expects a start in T 2 = 6 > T 1 and so forth. This sequential updating of expectations leads to a cyclical adjustment path. Whenever the public updates its expectations (in T, T 1 , T 2 , …), the system jumps on a higher trajectory in the phase plane, which corresponds with an immediate output contraction. During two contractions, output gradually increases in anticipation of the expansionary increase in the money stock. Only after several expectations adjustments (in t = 8) does the public realize that no change in the money stock will occur and switches to fully correct expectations. Not until then does the system jump on the initial stable saddle path and converges from above towards the initial steady state.
To sum up, this section has shown that changes in the monetary base may have real effects on the economy and may impose cyclical adjustment movements even if a stable relation between the monetary base and a broader money aggregate is non-existent. This requires, however, that the public indeed believes in a stable relation between base and broad money and expects a future increase in the money growth rate.
Modifications
In this section, we apply six modifications. First, we change our parameter calibration. Second, we modify the length of anticipation relative to the length of the implementation phase. Third, we consider a further partial anticipation scenario PA-ST/EX which is an intermediate scenario of PA-START and PA-EXIT. Fourth, we change the mechanism with which the private expectations switch to correct expectations. Fifth, we modify the augmentation term in the Phillips curve. Finally, we consider a simultaneous increase in the risk premium s and in the money growth rate _ m.
Figures and tables to which we refer in this section can be found in the electronic appendix at www.jbnst.de/en.
Parameter calibration:
To check the robustness of our volatility results, we simulate our model for different parameter calibrations for scenario PA-MAG, where the public has incorrect expectations about the magnitude c of the increase in the money growth rate. We consider the following alternative parameter specifications: We use l 2 = f1, 10g for the interest rate semi-elasticity of the money demand, δ = f0.1, 0.5g for the slope of the Phillips curve, a 2 = f0.1, 0.6g for the interest rate semi-elasticity of private absorption, and b 3 = f0.03, 0.6g for the terms of trade elasticity of the trade balance. Table C .1 gives the volatility share of the three subperiods on overall inflation and output volatility in the full anticipation scenario.
The volatility results for the alternative parameter specifications are as follows: First, we do not find any qualitative change in the relative volatility during the three subperiods. During the anticipation phase, the differences are so small that they are not visual. Second, for all parameter specifications, we find that an isolated stabilization of output and inflation is possible while a simultaneous stabilization is not possible. Indeed, we obtain the same trade off in overall volatility as in the baseline calibration. This trade off vanishes only when the anticipation effect of output is sufficiently small, i. e. the volatility share of the anticipation phase has to be at least below 1.3 percent.
36 Third, the anticipation 35 In particular, we consider nine different parameter sets. In eight of these nine sets, we only change one parameter at a time and keep the remaining parameters at their baseline values. In the ninth set, we change all four parameters simultaneously. 36 For a volatility share of 1.3 percent, the trade off in volatilities still remains. Only at the border of the parameter space (e. g. if we simultaneously set l 2 = 1, δ = 0.5, b 3 = 0.03, and a 2 = 0.6) do we find that the anticipation effect of output is small enough (below 0.1 percent) so that output and inflation may be stabilized simultaneously.
effect of inflation remains very small for all parameter sets under consideration. Therefore, we obtain no qualitative change in the overall inflation volatility.
Anticipation length:
In this modification, we change the length of the anticipation phase relative to the length of the implementation phase in scenario PA-MAG. Until now, we have assumed that the anticipation and implementation period are of similar length, where we set the anticipation length to T = 2 and the implementation length to t 1 − T = 3. We now consider two different length of anticipation. In Figures C.5 and C.6, we set the relative length of anticipation to 1/10th of the length of implementation phase (i. e. T = 0.3 and t 1 = 3.3). In Figures  C.7 and C.8, we set the relative length anticipation to 10 times the length of the implementation phase (i. e. T = 30 and t 1 = 33). We find that the volatility differences increase with increasing length of anticipation. Our volatility results, however, do not change qualitatively. For T = 0.3 and T = 30, we obtain the same trade off in volatilities as for T = 2.
3. Scenario PA-ST/EX: In this modification, we consider the partial anticipation scenarios PA-ST/EX, which is a combination of scenarios PA-START and PA-EXIT. So far, in each of the three partial anticipation scenarios, the public has implicitly incorrect expectations about the size of the shock. In scenario PA-ST/ EX, the public has incorrect expectations about the start and the end of the monetary shock, but is correct about the length and the size. That is, the expectations bias on the start and the end of the shock has to be the same.
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Figure C.9 depicts the responses to a temporary increase in the money growth rate, and Figure C .10 shows the relative volatility in this scenario. Both, the responses and the relative volatility are very similar to scenario PA-START. Consequently, not only the expected size of the shock, but also the expected timing of the shock matters.
4. Sequential correction of expectations: So far, we have assumed that the switch to correct expectations occurs immediately at one particular point in time t*. We now assume that the public sequentially adapts its expectations over time in several steps. With each step the public gains more information about the true evolution of the shock process. For simplicity, we assume that the information gain is equally distributed over time. Figure C .11 shows the response of the three anticipation scenarios (PA-MAG with EðcÞ < c, PA-START with EðTÞ < T, and PA-EXIT with Eðt 1 Þ < t 1 ) for three different degrees of frequency, i. e. number of expectations adjustments: (i)With frequency one, which is equivalent to the one-step adjustment of Section 3, (ii) with frequency two, and (iii) with a frequency of 200, which gives a quasi-continuous expectations adjustment. To save space, we only show the responses in the phase plane. The more frequent the public adjusts its expectations, the smaller is the discontinuous adjustment in the non-predetermined variables for t < t * and the smoother is the adjustment path during the anticipation phase. In the limit case of a continuous adjustment of expectations, the non-predetermined variables behave continuously after the impact during the anticipation phase ð0 < t < TÞ.
For all three scenarios, we compute the relative volatility using continuous expectations adjustments instead of the single adjustment frequency of Section 3. Figure C .12 summarizes our results. We find no notable differences to the relative volatility analysis from Section 4. In Section 5, we have seen that our volatility results crucially depend whether the switch to correct expectations occurs during the anticipation or during the implementation phase. However, this modification has shown that the pace with which the switch occurs is somewhat irrelevant. 
where 1 − γ measures the degree of openness and γ is set equal to 0.6. We do not observe a qualitative change in the relative volatility during the three subperiods. Furthermore, an isolated reduction in the overall volatility of output and inflation is possible. Again, a simultaneous stabilization of output and inflation is not possible, even in scenario PA-EXIT. However, this trade off in volatilities is reversed compared to our baseline model: If the public underestimates (overestimates) the size of the shock, output (inflation) may be destabilized, i. e. not stabilized as in our baseline model.
The reason for this reversed trade off in volatilities is as follows: First, inflation responds now much more strongly during the anticipation phase than in our baseline model. Inflation expectations in the Phillips curve are not anchored anymore to the exogenous money growth, which does not change until T. Instead, inflation expectations that are based on CPI inflation already change during the anticipation phase. The last row of Table C .1 shows that more than 50 percent of overall inflation volatility is accumulated during the anticipation phase in case π = _ p c (in contrast to 0.2 percent in our baseline model). Therefore, the relative volatility during the anticipation phase contributes much more to the overall volatility and dominates the volatility effects during the implementation phase.
Second, the volatility share of the anticipation phase also increases for output, i. e. output reacts more strongly during the anticipation phase. However, the relative output volatility during the implementation phase is now much more sensitive to anticipation errors than in our baseline model. Therefore, the implementation effect is now dominant for output and overall output volatility may only be stabilized if it is stabilized during the implementation phase.
6. Risk premium shock: In the sixth and last modification, we apply our volatility analysis to the recent developments during the European sovereign debt crisis, where several (southern) European countries are suffering from increasing risk premiums on government bonds. To oppose these risk premiums, the President of the ECB, Mario Draghi, signalized in July 2012 further purchases of government bonds at the Global Investment Conference in London. He is, however, mute about the exact threshold s of risk premiums at which the ECB is willing to intervene. This leaves room for private misperceptions such that the public may only partially anticipate the size and the timing of the announced monetary intervention. We aim to study the consequences of this limited information strategy with respect to the volatility of inflation and output.
To this end, we consider a simultaneous increase in the risk premium and in the money growth rate. The true, but not necessarily correctly anticipated evolution of the increase in the risk premium and in the money growth rate is summarized in Table C .2: In t = t 0 , the risk premium starts to gradually increase. In t = T, the risk premium reaches the threshold s at which the monetary authority starts to purchase government bonds at a constant rate c. Without neutralization and stable money supply multiplier, this is equivalent to a temporary increase in the money growth rate and a permanent increase in the money stock. We assume that this monetary intervention leads quasi-endogenously to a gradual decline in the risk premium until it reaches its initial level in t = t 1 .
In t = 0, the public starts to form expectations about both the risk premium and the monetary policy intervention. The public correctly anticipates and observes the increase in the risk premium, but may have incorrect expectations about the start T of the monetary intervention and, therefore, on the start of the decline in the risk premium. Contrarily to an isolated monetary shock in scenario PA-START, the public overestimates (underestimates) the size of the risk premium shock and the monetary intervention if the public expects a later (an earlier) monetary intervention. The responses under full and partial anticipation are shown in Figure C. 17. Figure C .18 and C.19 summarize our volatility results: If the public expects an earlier intervention of the central bank to bring down the risk premiums on government bonds, the volatility in output and inflation may be reduced. Under flexible inflation targeting, the best central bank's communication policy then is to withhold information about the true shock process as long as possible. If, on the other hand, the public expects a later monetary intervention, output is and inflation may be destabilized. Under flexible inflation targeting, the fully correct anticipation scenario then typically gives the lowest central bank loss. Hence, the best policy is to inform the public as soon as possible about the true intentions of the central bank.
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Conclusion
In this paper, we use a continuous-time Dornbusch-type model of a small open economy to study the (de)stabilizing effects of fully anticipated, fully non-anticipated, and partially anticipated increases in the money growth rate. Under partial anticipation, the public has either imperfect information about the magnitude, the start, and/or the end of the future monetary policy intervention, and, therefore, has implicitly imperfect information about the size of the shock.
Our main results are as follows: (i) Partially anticipated monetary policy shocks may stabilize inflation and output fluctuations, i. e. lead to a lower volatility than a fully anticipated monetary policy shock of the same form.
(ii) However, we typically obtain a trade off in volatilities of output and inflation over the whole adjustment process such that a simultaneous stabilization of output and inflation is not possible. If the public underestimates (overestimates) the size of the shock, output (inflation) may be stabilized. (iii) This trade off in volatilities does typically not exist during the three subperiods (anticipation phase, implementation phase, and return phase) separately. If the public underestimates (overestimates) the size of the shock, both output and inflation are stabilized (destabilized) during the anticipation phase and are destabilized (stabilized) during the implementation phase. (iv) The volatility gain/loss from partial anticipation is (much) larger for output than for inflation. Under flexible inflation targeting, the best central bank's communication strategy, therefore, is typically to stabilize output fluctuations. If the public underestimates the size of the shock, the central bank then has an incentive to withhold information from the public about the true central bank's future policy intentions.
The aforementioned results can be explained as follows: First, during the anticipation phase the economy is driven by expectations. If the public overestimates (underestimates) the shock size, both output and inflation respond more strongly (less strongly) than under fully correct expectations. Under price stickiness, the economy is not able to jump on the solution path of fully correct expectations. To compensate for this price stickiness, the system (including output and inflation) overreacts when the true shock process is revealed and typically leads to smaller (larger) reaction of output and inflation during the implementation phase. This leads to the opposite volatility pattern during the anticipation and the implementation phase as described in result (iii). Second, we find that the anticipation response of inflation is relatively small compared to the anticipation response of output. Therefore, the volatility share of the anticipation contributing to overall volatility is smaller for inflation than for output. In combination with result (iii), this gives rise to an overall trade off in output and inflation volatility.
We find two exceptions in which results (ii) and (iii) do not or only partially hold: First, when the public underestimates the shock for a sufficiently long time (i. e. the expectations are biased also during the implementation of the shock), overall output and inflation may be stabilized in all three subperiods simultaneously. Therefore, a simultaneous stabilization of output and inflation over the whole adjustment process is possible and the overall trade off in volatilities vanishes. Second, if the anticipation effect of inflation (output) is sufficiently large (small), result (ii) may be reversed. That is, inflation (output) may be stabilized if the public underestimates (overestimates) the shock.
We further study partially anticipated monetary interventions in the presence of an unstable money multiplier. We find that changes in the monetary base may have real effects on the economy and may impose cyclical adjustment movements even if the relation between the monetary base and a broader money aggregate is non-existent. This requires, however, that the public indeed believes in a stable relation between base and broad money and expects a future increase in the money growth rate.
